Factors that could affect adsorption of monodispersed poliovirus to cell culture monolayers were evaluated. These included varying the virus adsorption period under static and nonstatic (rocked) conditions and altering the rocking rate. The effects of several soluble proteins on plaque formation, enumeration, and size were also evaluated. Rocking involved the mechanical spread of viruses over cell culture monolayers for 1 to 4 h. Rocked cultures exhibited significantly higher (P < 0.05) plaque counts than corresponding static cultures. Optimal plaque counts were obtained after a 2-h adsorption period with rocking; increasing the period to 4 h did not significantly increase PFU. Optimal counts were not obtained until .4 h with static adsorption. Plaque counts were not affected by increasing the rocking rate above one oscillation per minute, but a slower rocking rate resulted in a significant decrease in plaques. Adsorption of poliovirus in the presence of 3% solutions of beef and meat extracts, acid-precipitated oyster protein, two brands of skim milk, and 3 and 10% fetal bovine serum was compared with adsorption in protein-free controls. Significant reductions (P < 0.05) in plaque counts occurred with one brand of skim milk, whereas 3% beef extract yielded highly significant reductions (P < 0.01) in plaque counts and appreciable decreases in plaque sizes. Salinities of protein-containing virus inocula were high for beef and meat extracts but somewhat below physiological levels for the remaining inocula. Beef extract-associated reductions in PFU were eliminated after the extracts were dialyzed. Plaque reductions were associated with dialyzable components of the beef extract but not with the inoculum salinity.
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A variety of techniques exist for the plaque assay of enteroviruses extracted from shellfish and environmental samples. One procedure consists of virus adsorption to cell culture monolayers under static conditions, in which the inoculated culture remains stationary, usually for 1 to 2 h (7, 11, 16, 26, 30) to as long as 5 h (29) . Another procedure involves rocking for 1 h or more (4, 17, 18, 24, 31) to continually spread the inoculum over the surface of the monolayer during adsorption. Rocking is performed with a mechanical device called a rocker platform, and the rate of rocking is usually adjustable.
Metcalf et al. (21) showed that under static conditions oyster and soft-shell clam extracts produce adequate plaque counts after an adsorption period of 2 h but that higher counts could be achieved by extending the adsorption period. Optimal time periods for adsorption of enteroviruses under rocked conditions and the relationship between plaque counts of static and rocked cultures are uncertain.
The effect of soluble proteins on enterovirus adsorption to cell culture monolayers is also unclear. Extraction and concentration procedures for shellfish, marine waters, and sediments frequently rely on acid precipitation or organic flocculation of proteins to carry viruses out of solution (13, 26, 27) . Under conditions of low conductivity and acid pH, enteroviruses adsorb to flocculated and acid-precipitated proteins (12, 22, 26, 27) . Frequently, virus carrier proteins such as beef extract (BE) (12, 17, 19-22, 31, 32, 34 ) are added to virus-containing mixtures during extraction and concentration procedures. Some extraction procedures employ nonfat dry milk to promote virus recovery from seawater and tap water (1) and oyster tissues (28 (33) . In this procedure, 10% FBS was filtered through a 47-mm, 0.45-,um-pore-size cellulose acetate (HA) filter, two 25-mm, 0.22-,um-pore-size Millex fluorocarbon polymer (GV) low-protein-binding filters, and a 47-mm, 0.05-pum-pore-size nitrocellulose (VM) filter (Millipore Corp., Bedford, Mass.). The filtered serum was made isotonic with 10 x Earle balanced salt solution and adjusted to pH 7.4 with 7.5% NaHCO3. Filtered serum (5 ml) was used to coat 25-mm, 0.45-pum-pore-size HA, 0.22-p,m-pore-size GV, and 0.05-,umpore-size VM filters in Swinnex holders (Millipore). A sample (10 ml) of the virus harvest was clarified twice by pressure filtration through this filter series.
A portion of the monodispersed virus-containing filtrate was diluted in phosphate-buffered saline (PBS; pH 7.2 ± 0.1) (3) and assayed by a double-agar-overlay plaque technique (24) . The remaining filtrate was frozen at -70°C. After enumeration of the plaques, the virus pool was thawed at 37°C, diluted to -60 PFU/ml in PBS, dispensed into bottles (75 ml each), and frozen and stored at -70°C until use.
Protein stock solutions. BE paste stock solutions (10%) of (Difco Laboratories, Detroit, Mich.), skim milk (SMD) (Difco), and nonfat dry milk (SMC) (Carnation Co., Los Angeles, Calif.) were prepared in double-distilled water. The BE solution was adjusted to pH 7.2 ± 0.1 with 1 N NaOH and autoclaved for 15 min at 121°C. The SMC and SMD solutions were autoclaved at 121°C for 10 min, cooled to room temperature, and then adjusted to pH 7.2 ± 0.1 with sterile 1 N NaOH. A 10% (vol/vol) FBS stock solution was prepared by combining 10 ml of sterile FBS and 90 ml of sterile double-distilled water. Solutions were stored at 4 to 8°C and used within 2 weeks. these test conditions. Static flasks showed a significant increase (P < 0.05) in PFU (9.8%) between the 2-and 4-h adsorption periods.
Rocking rates 2 1.0 opm did not differ in their effects on poliovirus adsorption (Table 1) . Identical mean plaque counts were obtained for 1.0 and 5.0 opm. The 1.0 and 2.5 opm results were not significantly different (P > 0.05), but the 0.5 opm counts were significantly lower than the corresponding 1.0 opm counts (P < 0.05).
Effects of soluble proteins on virus adsorption and plaque formation. The effects of various proteins on virus adsorption were determined by plaque assay. Assays were conducted on protein-containing virus pools, using the conditions under which optimal plaque counts were previously obtained, e.g., a 2-h adsorption period with rocking. When compared with PBS controls, 3% SMD and 3% BE produced significant reductions in PFU (P < 0.05 and P < 0.01, respectively) ( Table 2) . Maximum plaque diameter 72 h postinoculation was reduced to 4 mm in flasks inoculated with 3% BE. All other treatment flasks contained plaques with maximum diameters of 6 to 7 mm.
Comparison of BE and ME. BE was compared with Lab-lemco ME powder (Oxoid U.S.A., Inc., Columbia, Md.) to determine if similar reductions in PFU would occur with this alternative meat product. BE caused a significant decrease (P < 0.05) in plaque counts when compared with PBS and 3% ME-inoculated cultures (Table 3 ). There was no significant difference (P > 0.05) between plaque counts in flasks inoculated with PBS and plaque counts in flasks inoculated with 3% ME. Maximum plaque diameters, measured to the nearest millimeter, were recorded for each of three trials and then averaged. Following this procedure, the means of the maximum plaque diameters were: BE, 4 mm; ME, 6 mm; PBS, 7 mm. Salinity of soluble protein solutions. BE-inoculated monolayers exhibited signs of stress characterized by poor staining and reduction in density (thinning) of the monolayers within 78 h postinoculation. Since elevated salinities could produce similar effects on monolayers and affect virus adsorption to the cells, salinities of stock solutions diluted in PBS to 3% (and 10% for FBS) were monitored with an NaCl meter (Presto-tek Corp., Los Angeles, Calif.) (Table 4) . BE and ME produced the highest salinities, 1.21 and 0.99%, respectively. All other salinities were below the concentrations commonly found in most culture media.
High-salinity BE stock solutions were desalted by adding 50 ml of 10% stock solution to washed (3 h, ambient temperature in distilled water) Spectra/Por no. 3 dialysis tubing (Spectrum Medical Industries, Los Angeles, Calif.) with a molecular weight cutoff of 3,500. The tubing was completely filled and tightly clamped to prevent uptake of additional water by the BE solution. Overnight dialysis was in 3 liters of stirred, distilled water (4°C). Dialyzed and nondialyzed BE solutions were diluted to 3% in a monodispersed poliovirus pool. Plaque assays were performed and compared with those of positive (PBS) controls (Table 5) . Monolayers inoculated with dialyzed BE did not exhibit the reduction in cell density or the poor staining characteristics of nondialyzed-BE-inoculated cultures. Maximum plaque diameters and counts for nondialyzed BE were significantly lower (P < 0.01) than those for either dialyzed BE or PBS controls. There was no significant difference in size of plaques between dialyzed BE and the PBS controls (P > 0.05); however, dialyzed-BE-inoculated flasks contained significantly higher PFU than the PBS controls (P < 0.05).
The implication that high salinities were a major contributing factor in reducing PFU was further evaluated. Freshly dialyzed BE solution was restored to its original, nondialyzed salinity with 20% (wt/vol) NaCl solution. Nondialyzed, dialyzed, and dialyzed plus added salt 10% BE stock solutions were diluted to 3% in a poliovirus pool and assayed by the plaque techniques. The positive control consisted of a particularly important for food, water, and sediment samples that may contain naturally low virus counts. Minimizing the adsorption period reduces potential cytotoxic effects of the inocula on the cell monolayers. Even partial damage to the monolayer may produce erratic results. Therefore, rocking offers the distinct advantage of optimizing virus counts with a conservative 2-h adsorption period. The rocking rate of 1 opm as used in this study was lower than rates previously reported (4, 24, 25) . Increasing the rocking rate beyond 1.0 opm did not significantly increase (P > 0.05) the PFU (Table 1 ). An observation previously made in this laboratory is that monolayers are susceptible to the abrasive action of fibrous or lumpy materials in shellfish extracts. The abrasiveness is accentuated by accelerated rocking and is dependent on the cell culture line in use. This abrasiveness results in streaking of the monolayer (Fig. 2) . The streaks are areas devoid of cells and are oriented in the same direction as the rocking movement. In areas where heavy streaking occurred, particularly along the edges of the flasks, destruction of the monolayer typified that experienced as a result of cytotoxicity. Streaking was rarely observed in flasks rocked at 1.0 or 2.5 opm but was more evident in some flasks rocked at 5.0 opm.
During the adsorption period, it was observed that static flasks did not have uniform distribution of inocula over the monolayers. Even on a level table, inocula tended to collect around the edges of each flask, a condition which would favor increased virus adsorption around the edges and possible cell dehydration toward the center. Rocking distributed the inoculum evenly in a sheetlike fashion over the entire monolayer. Adsorption with rocking would prevent cell dehydration and increase the probability of uniform plaque distribution.
The possibility of cell dehydration could also be eliminated by increasing the volume of the inocula, but virus recovery would be reduced. Inoculation of monolayers with oyster or soft-shell clam extract at 1 ml/45-cm2 monolayer (ca. 1.7 ml/75-cm2 flask) was shown to produce a greater number of PFU than inoculation of monolayers with greater volumes (21). The 2.5-ml inocula used in these studies are a compromise between those investigators who used less (7, 17, (24) (25) (26) 31) and those who used more (15, 18, 28) per 75-cm2 monolayer.
The effects of soluble proteins on virus adsorption were minimal with 3 and 10% FBS, 3% ME, 3% OP, and 3% SMC (Tables 2 and 3 ). SMD (3%) appeared to retard virus adsorption, whereas 3% BE was strongly inhibitory. BE also caused reductions in plaque diameters, suggesting a possible effect on cell membrane permeability or impaired cell-to-cell spread of viruses. BE has been widely accepted as a filter pretreatment to prevent virus adsorption (5, 9) and as a virus eluent (9, 14, 23) and carrier (17, 19, 21, 31) . These data suggest that BE and SMD in extracted, concentrated, or eluted materials should be reduced to the greatest extent possible before plaque assays are performed.
